In the current era of comparative effectiveness and outcomes research, 1 it is mandatory to have robust estimators of disease, also useful for risk stratification and healthy decision-making.
In clinical settings, these advantages translate to a shorter stress protocol and more rapid patient throughput. In addition, regadenoson may be used safely in patients with asthma, chronic obstructive pulmonary disease, and end-stage kidney, and liver disease. 6 Cerqueira et al 7 combined data from two identical double-blind, randomized, active comparator, double dummy, multicenter phase three trials, the ADVANCE MPI (ADenoscan Versus regAdenosoN Comparative Evaluation for Myocardial Perfusion Imaging) 1 and 2 designed to show the strength of agreement between sequential adenosine-regadenoson images. Using visual assessment of serial SPECT images for detection of ischemia relative to adenosine, non-inferiority of regadenoson was demonstrated for all patients and detection of ischemia was also comparable in specific subgroups. However, the average agreement rate between adenosineadenosine and adenosine-regadenoson were 0.62 ± 0.03 and 0.63 ± 0.02 (P = NS). Agreement was less for both agents in women vs men with moderate and large areas of ischemia. This is not surprising based on the significantly greater variability associated with visual as compared to quantitative analysis of SPECT images. 8 In a subsequent study, 9 the same group of investigators used quantitative SPECT analysis to determine the total left ventricular (LV) perfusion defect size and extent of ischemia in patients enrolled in the ADVANCE MPI 2 study randomized in a 2:1 ratio to either regadenoson (n = 495) or a second adenosine SPECT (n = 260) after a standard gated SPECT myocardial perfusion imaging. A single observer who was blinded to randomization and image sequence performed quantification. In this analysis, applying quantitative analysis, regadenoson induced virtually identical scintigraphic results as adenosine regarding the size and severity of LV perfusion defects and the extent of scintigraphic ischemia. In this sub study analysis of the ADVANCE MPI 2, a quantitative approach was taken to better characterize the similarity in perfusion results observed between adenosine and regadenoson over the visual assessment used in the original study design. 7, 10 Quantitative SPECT analysis was performed using a previously validated automated program, currently incorporated within the 4 DimensionMyocardial (4DM) SPECT, developed at the University of Michigan Medical Center (Ann Arbor, MI). 11 This quantitative software program provides automated processing, analysis, and reporting of myocardial perfusion and function from cardiac SPECT studies and determines the extent and severity of the stress-induced perfusion defects and the extent of scar and ischemia based on polar plot analysis.
In 
QUANTITATIVE SPECT MYOCARDIAL PERFUSION IMAGING
Visual analysis of myocardial perfusion imaging is intrinsically subjective and subject to intra-as well as inter-readers variability. Conversely, quantitative programs, using as reference for comparing normal databases, can be used with little or no operator interaction and the results are more reproducible. In fact, accounting for potential artifacts, such as breast, lateral chest wall or diaphragm attenuation, and defining a standard results template that eliminated variations resulting from differences in body habitus and orientation, quantitative software packages allow better interstudy comparisons. However, also if appealing as compared to visual, quantitative analysis of myocardial perfusion still presents areas of uncertainty and some limitations. As an example, unrecognized artifacts, such as those introduced by motion or other suboptimal quality issue, not accounted for in comparison with the normal database, may be interpreted as abnormal findings with automatic quantification.
Since the study of Garcia et al, 13 many approaches to SPECT imaging quantification have been described. 14 The most widely used software packages to determine myocardial perfusion and LV function are: quantitative perfusion SPECT (QPS)/quantitative gated SPECT (QGS), developed at the Cedars-Sinai Medical Center (Los Angeles, CA) 15 ; Emory Cardiac Toolbox (ECTb), developed at the Emory University (Atlanta, GA) 16 ; and 4DM SPECT. 11 There are limited data on the degree of agreement between these methods in quantifying the perfusion pattern and LV function. Wolak et al 17 performed a detailed comparison of these three software tools with respect to automation and diagnostic performance in the detection of coronary artery disease in a large group of patients with available coronary angiography results and in patients with a low likelihood of disease. Normalcy rate was higher for QPS and 4DM vs ECTb, at 91% and 94% vs 77%, respectively (P = .02). Sensitivity was higher for QPS (87%) vs 4DM (80%) (P = .045). Specificity was higher for QPS (71%) vs ECTb (49%) (P = .01). The accuracy rate was higher for QPS vs 4DM and ECTb, at 83% vs 77% and 76%, respectively (P = .05). Therefore, there were significant differences in myocardial perfusion quantification, diagnostic performance, and degree of automation of software packages. 17 Ather et al 18 more recently examined the correlation and agreement among these three programs in assessing perfusion defect size and reversible defect size (by polar maps) as well as LV ejection fraction, end-diastolic volume, end-systolic volume, and mass. Data were collected from 120 consecutive patients who had abnormal regadenoson SPECT myocardial perfusion imaging with a visually derived summed stress score C4 at Birmingham Medical Center (University of Alabama). The correlation between the software programs for measurements of perfusion defect size, reversible, and fixed defects was poor to fair (Spearman's q = 0.18-0.72). Overall, estimation of defect size was smaller by QPS and larger by 4DM-SPECT. There was discordance among the softwares in 62% of the cases in defining perfusion defect size as small/moderate/large. The correlation between the softwares was better for measuring LV ejection fraction, volumes and mass (q = 0.84-0.97), and discrepant results for defining normal/mild-moderate/severe LV systolic dysfunction were prevalent in 28% of the patients. These findings demonstrate that there are significant differences between the softwares in measuring perfusion defect size as well as LV function, and more importantly in defining small, moderate, or large ischemic burden.
The results of Wolak et al 17 and Ather et al 18 are not an absolute novelty. In 1997, preliminary data of a comparison of quantification of SPECT defect sizes by four different software programs, as well classification of defect abnormalities by four well-known laboratories and experts found a reasonable overall correlation of quantitative and visual defect sizes but demonstrated a substantial spread at Bland-Altman analysis of individual data points particularly for large defects. 19 Therefore, although there was a good relative correlation of quantified defect sizes, no such agreement was achieved for absolute measurements and classification. Since the extension and severity of ischemic burden on stress myocardial perfusion imaging have an important diagnostic and prognostic value, a uniformly accepted unit of defect size is crucial for evidence-based patient management. Moreover, as a novel research application of myocardial perfusion imaging is the use of paired/ serial imaging to compare the relative effectiveness of treatments within the framework of randomized controlled trials, 20 there is the necessity of using the same software when assessing interval changes by serial imaging.
IMPACT OF ATTENUATION CORRECTION
Both studies by Wolak et al 17 and Ather et al 18 only considered data without attenuation correction. Although some studies reported an increase in the diagnostic accuracy for the detection of coronary artery disease when myocardial perfusion SPECT is attenuation corrected, [21] [22] [23] only a few investigations addressed the accuracy of attenuation correction without any visual interpretation of corrected and non-corrected data. [24] [25] [26] [27] To avoid any possible bias associated with visual interpretation, in another study Wolak et al 28 evaluated the performance of attenuation correction in 2,624 women by using automated quantitative analysis of myocardial perfusion with QPS. The authors showed no significant diagnostic differences between studies processed with and without attenuation correction. Moreover, attenuation correction was associated with false-positive results in the left anterior descending artery territory, whereas non-correction was associated with false-positive results in the right coronary artery territory. It becomes clear that the correction for attenuation may induce a bias in images interpretation, and although attenuation artifacts are diminished, some new artifacts can be created from the correction process. 29 A potential goal might be a combination of quantitative attenuation correction and non-correction analyses to fully realize the potential of myocardial perfusion imaging with automated software, keeping in mind that the currently available quantitative methods can effort to estimate the fraction of myocardium that is ischemic. The stress and rest scores represent rational attempt to graduate the severity of flow reduction with the compromised volume and represent more of an ''ischemic burden.'' 30 Therefore, there is still a need to establish a better standard for SPECT myocardial perfusion imaging.
